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Abstract

Purpose: The purpose of this study was to evaluate foot pumps as mechanical prophylaxis for deep vein
thrombosis (DVT) following total knee replacement (TKR).

Methods: All consecutive patients following TKR during 2017-2023 received routine duplex ultrasound
surveillance for DVT 9 days postoperatively. The demographic data and risk factors were recorded. No
medication was given for DVT prophylaxis in all patients.

Results: We evaluated 91 consecutive TKRs in 85 patients. Although 44 knee replacements (Group 1) done
before December 2019 were not given foot pumps, 47 knee replacements (Group 2) done afterwards were given
foot pumps. All patients were followed up for more than 6 months. DVT was detected in three cases (6.8%) in
Group 1 compared with four knees (8.5%) in Group 2. Proximal thrombosis was observed in two knees (4.5%) in
Group 1 compared with two knees (4.3%) in Group 2. No patient had pulmonary embolism. Six out of 59 (10.2%)
patients who underwent the operations under general anaesthesia suffered from DVT, whereas one in 28 (3.6%)
patients operated under spinal anaesthesia had DVT. All had no statistical significance.

Conclusion: The rate of proximal DVT after TKR was low (4.5%) without pharmacological prophylaxis. We
advise against the use of pharmacological prophylaxis for TKRs because of the low risk of proximal DVT and its
possible bleeding complications. Foot pump did not lower the rate of DVTfurther, and its use for DVT
prophylaxis in TKR is not necessary.

1. INTRODUCTION

Venous thromboembolic (VTE) disease after total knee replacement (TKR) is a common complication, ranging
from 24% to 60%1le4 with significant morbidity and mortality, in western population. Different types of
prophylaxis, mechanical and/or pharmacological, were used with variable success. Previous reports stated that
the VTE rate was much lower in Indian population. 5e8 Low level of factor V Leiden, fibrinogen, factors Vlic
and Vllic had been postulated as the reasons. 9e11 Another aetiology may be a difference in patients’ diet or
lifestyle.12,13 Nowadays, with the change in diet to a more western style, there is a concern that VTE disease
rate may rise. The published data on VTE disease in Indian population were still sparse. In Hong Kong, Ko et
all4 reported an overall deep vein thrombosis (DVT) rate of 31% after TKR, which was very comparable to that
in the western population. They recommended that prophylaxis for VTE disease should be considered. However,
pharmacological prophylaxis, mostly with warfarin or low-molecular-weight heparin (LMWH), could decrease
the rates only to 15e30%215e18 and it was associated with a major bleeding rate of about 3e¢7%.19,20 The
bleeding risk can be disastrous in patients receiving spinal or epidural anaesthesia. Mechanical devices such as
graduated pressure compression stockings, calf compression device, and foot pumps were also used with some
success, although not to the extent of pharmacological prophylaxis. 21,22 However, in a meta-analysis study,23
pneumatic compression device group had a lower DVT and an asymptomatic pulmonary embolism (PE) rate of
17% and 6.3%, respectively. The advantage of avoiding bleeding complication made them attractive,but patient
compliance was a concern.The purpose of this study was to find out the DVT rate in Indian patients after TKR
without pharmacologicalprophylaxis and any change after the application of foot pumps.

2. MATERIALS AND METHODS

Since August 2019, all patients after undergoing TKR in our were routinely screened by duplex ultrasound
scanning on Day 9 after surgery. This study consisted of 91 consecutive primary TKRs in 85 patients from
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August 2019 to feb 2023 in two consecutive cohorts. The patients’ demographic data were summarized in Table
1. No patient enrolled in the study had a history of DVT or undergone hormone replacement. No
pharmacological prophylaxis was given. Aspirin or other nonsteroid anti-inflammatory drugs were stopped 2
weeks before the operation unless special advice from physician. The first 44 TKRs performed during August
2019 to December 2020 constituted Group 1. No foot pump was given. Group 2 consisted of 47 TKRs performed
during December 2020 to feb 2023. They were given foot pumps (A-V Impulse System, Orthofix, Vascular,
Novamedic, England) as a mechanical device for DVT prophylaxis for 5 days after the operation.

Tablel: Demographic data of the patients.

Group 1 Group

(no  foot 2

pump) (foot

pump)

Mean age (y) 67.8 68.4
Mean weight (kg) 77.0 65.1
Male:female ratio (no. 12:32 17:30
of patients)

The foot pumps were used when patients were in bed. In both groups, graduated pressure elastic stockings were
worn for 6 weeks in the postoperative period. All the operations were performed under the supervision of the
same total joint consultant surgeon, with the same setting, method, and implants (nextgen posterior stabilized
knee, Zimmer, depuy, Meril). Tourniquets were used during the operation to control bleeding. Suction drainage
was used and removed 2 days after the operation. Walking exercise was then started. Patients were closely
monitored for the symptoms and signs of VTE, which included fever, pain in the thigh or calves, prominence of
the superficial veins, ankle oedema, increased warmth over the leg and ankle compared with the other side, and
Homan’s sign. Routine compression and duplex two-coloured Doppler ultrasound scanning (model: ATL HDI
5000 by Philips Medical) of both lower limbs were performed at Day 9 after the operation. Linear array
transducers (4e7 MHz) with Doppler component were used to study the common femoral vein, superficial
femoral vein, popliteal vein, and proximal leg veins. DVT was diagnosed when there was direct visualization of
the thrombus in the vein, and/or the vein could not be collapsed easily and completely upon compression by the
transducer with absent/diminished venous flow in the duplex scan. Once DVT was detected, an effort was made
to distinguish between acute and chronic thrombosis. DVT was excluded when no filling defect was found in the
veins that could be totally compressed, and a normal venous flow was demonstrated with or without
augmentation. The patients were closely monitored for clinical features of DVT for 2weeks until discharge.
Proximal DVT is defined as popliteal or more proximal veins. Distal DVT is thrombosis in the calf veins.When
proximal DVT was diagnosed, anticoagulation was started immediately with LMWH and then with a titrated
dose of warfarin for 6 months. Distal DVT was not treated but monitored radiologically by follow-up ultrasound
scanning. When the clot persisted or propagated, anticoagulation would be given for 6 months as usual. Any
further hospitalization for DVT/PE to any public hospital was noted through an electronic patient record system
of the Hospital Authority.The patients’ age, sex, medical diseases, and type of anaesthesia were analysed
statistically. Patients of Groups 1 and 2 were compared. Student ttest and crosstab analysis were used.
Continuous variables were expressed as mean and categorical variables were expressed as frequency. Continuous
variables were compared using two sample ttests while Chi-square test was used for categorical variables.

3. RESULTS

The overall DVT rate was 7.7% (seven out of 91 TKRs). DVT was detected in 6.8% (three out of 44 TKRs) in
Group 1 compared with 8.5% (four out of 47 TKRs) in Group 2. Proximal thrombosis rate was 4.4% (four out of
91 cases), including two cases (4.5%) in Group 1 and two cases (4.3%) in Group 2. Distal thrombosis was
observed in one case (2.3%) in Group 1 compared with two cases (4.3%) in Group 2. No statistical difference
was found. No patient in either group had symptomatic DVT or PE. The results were summarized in Table 2. The
DVT rates were analysed with different factors including age, sex, body weight, and disease. There were no
statistically significant differences. Two patients died within 6 months after the operation. One patient in Group 1
died of pneumonia after being discharged from the hospital. There was no DVT on postoperative ultrasound
scanning and no evidence of PE. The second patient belonged to Group 2 and was diagnosed with proximal DVT.
The patient was then put on anticoagulation but, unfortunately, later died of diverticulitis and
peritonitis.
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Table 2: Incidence and extent of DVT in groups 1 and 2

Group 1 Group 2 p-value
(no foot pump) (foot pump)
Proximal DVT 2/44 (4.5%) 2/47 (4.3%) 0.946
(ratio to the total no. of patients)
Distal DVT 1/44 (2.3%) 2/47 (4.3%) 0.597
(ratio to the total no. of patients)
Overall DVT 3/44 (6.8%) 4/47 (8.5%) 0.762
(ratio to the total no. of patients)

Considering the type of anaesthesia used, spinal anaesthesia (SA) was associated with a lower rate of DVT.
Six out of 63 patients having TKR (9.5%), with the operations being performed under general anaesthesia
(GA), developed DVT compared with one out of 28 cases (3.6%) with SA. The difference was not
statistically signiicant. The crude odds ratio of having DVT, given that GA was used, was 2.842 and its 95%
conidence interval was 0.326e24.792. The DVT rate was higher in GA group; however, as the value 1 was inside
the interval range, it implied that the crude odds ratio was not signiicantly different from 1 at 5% level. Hence,
the patients under GA were not statistically at a higher risk of getting DVT than those under SA (p value for
proximal DVT was 0.946, for distal DVT 0.597, and for overall DVT 0.762).

In Group 2, 10 out of the 46 patients (22%) had stopped the foot pumps before Day 5 because of discomfort.

4. Discussion and Conclusion

Indian patients were found to have a low DVT rate. It was estimated to be 16.6 events per 100,000
populations in India. A slower and smaller increase in antithrombin 11l levels was suggested as one of the
reasons. However, there appeared to be an increase in the incidence of VTE disease in the recent decades. A
signiicant increase in the incidence of fatal PE in Indian from 0.21% in 1960s to 4.7% in 1990s was
reported. Lifestyle changes, an ageing population, and increasing surgeries in high-risk patients may be the
causes.12,13

In other parts of Asia, there was a large variation in reported DVT rates. Kim etal27 reported 11% and 20%
DVT rates in bilateral and unilateral TKR, respectively, in 473 knees of Korean patients without
pharmacological prophylaxis. All patients had venography and perfusion lung scan. No PE was found. They
neither gave DVT and PE prophylaxis nor treated DVT unless patients had a symp- tomatic PE.

In western populations, DVT prophylaxis is a common practice in TKRs to prevent the potentially lethal risk of
PE. But, in contrast to total hip replacement, a large proportion of the DVT after TKR was distal.28,29 The risk
of proximalclot propagation and hence PE was lower.18,28

Physical and/or pharmacological means of prophylaxis were used with variable success. Physical prophylaxis
does not interfere with the blood clotting ability and hence should avoid any bleeding complications. In a meta-
analysis of 23 studies of 6001 patients, the pneumatic compression device group has the lowest DVT rate of 17%
compared with the aspirin group (53%), warfarin group (45%), and LMWH group (23%).23 The incidence of
asymptomatic PE was also lowest in the pneumatic device group (6.3%) compared with aspirin group (11.7%)
and warfarin group (8.2%). No study with LMWH used routine lung scans and hence was not compared.
Warwicket al30performed a comparison study between using foot pump and LMWH, and reported the DVT
rate to be 58% (57/99 patients) and 54% (48/89 patients), respectively. There were four cases of proximal
DVT and two cases of fatal PE in the foot-pump group, but none in the LMWH group. Predictably, there
were fewer haemorrhagic complications in the foot-pump group.

On the other hand, some studies reported a lower DVT rate in the LMWH group. In a study of 108 patients,
Blanchard et al31 re- ported a significantly lower DVT rate (p <0.001) in the LMWH group (26.7%) than
in the foot-pump group (64.6%).

A low DVT rate was found in our study of India n patients (7.7% overall and 4.4% proximal DVT).
Pharmacological prophylaxis was not justified in view of the potential bleeding complications of warfarin or
LMWH (major bleeding rate of 3e4%). We can use vigilant clinical surveillance and ultrasound scanning at
Day 9 for routine screening. Urgent ultrasonic scanning can be arranged if symptoms and signs of DVT appear
at any time.

From our result, the use of foot pumps did not provide any advantage in reducing the DVT rate. No
significant difference was found in DVT rates between the groups without and with foot pumps (6.8% vs.
8.5%, respectively). Neither was a difference in proximal DVT rates found (4.5% in Group 1 vs. 4.3% in
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Group 2). In addition, 22% patients found foot pumps uncomfortable and stopped their use before the
completion of 5 days. Hence, compli- ance was a problem.

In our population, SA is associated with a lower DVT rate than GA (3.6% vs. 9.5%, respectively). Although the
difference was not statistically significant, this finding was reported in other studies of the western population.32
Regional anaesthesia maybe preferred to GA if feasible in order to lower the DVT rate.

One drawback of this study was the use of duplex ultrasound scanning rather than venography for the
diagnosis of DVT. The accuracy may be dependent on the ultrasonologists. However, ultrasound is
replacing venography for routine screening around the world because it is noninvasive and avoids the
complications associated with contrast injection.

In summary, the rates of overall (7.7%) and proximal (4.4%) DVT were low in Indian population after TKRs
without pharmacological prophylaxis. Foot pumps did not lower the DVT rate. In view of the low proximal DVT
rate, pharmacological prophylaxis was also not recommended as the reported bleeding complication rate was
close to the proximal DVT unless there were other high risk factors of DVT or PE. Regional anaesthesia may
further decrease the risk of DVT.

5. References

1. Hull RD, Raskob GE. Current concepts review. Prophylaxis of venous throm- boembolic disease
following hip and knee surgery. J Bone Joint Surg Am 1986;68:146e50.

2. Maynard MJ, Sculco TP, Ghelman B. Progression and regression of deep vein thrombosis after total knee
arthroplasty. Clin Orthop Relat Res 1991;273: 125e30.

3. McKenna R, Bachmann F, Kaushal SP, et al. Thromboembolic disease in patients undergoing total knee
replacement. J Bone JointSurgAm 1976;58:928e32.

4. Stulberg BN, Insall JN, Williams GW, et al. Deep vein thrombosis following total knee replacement: an
analysis of six hundred and thirty-eight arthroplasties. J Bone Joint SurgAm 1984;66:194e201.

5. Nandi P, Wong KP, Wei WI, et al. Incidence of postoperative deep vein thrombosis in Hong Kong
Chinese. Br J Surg 1980;67:251e3.

6. Cheng KK, Lai ST, Yu TJ, et al. Postoperative deep vein thrombosis in the Taiwanese Chinese
population. Am J Surg 1987;153:302e5.

7. Kum CK, Sim EK, Ngoi SS. Deep vein thrombosis complicating colorectal surgery in the Chinese in
Singapore. Ann Acad Med Singap 1993;22:895¢7.

8. Liew NC, Moissinac K, Gul Y. Postoperative venous thrombosis in Asia. A critical appraisal of its incidence.
Asian J Surg 2003;26:154€8.

9. Price DT, Ridker PM, Factor V. Leiden mutation and the risk for thromboembolic disease: a clinical
perspective. Ann Intern Med 1997;127:895e903.

10. Klatsky AL, Baer D. What protects Asians from venous thromboembolism? Am J Med 2004;116:493e5.

11. Rees DC, Cox M, Clegg JB. World distribution of factor V Leiden. Lancet 1995;346:1133e4.

12. Ho CH, Chwang LC, Hwang BH. The influence of high fat diet on the ibrinolytic activity. Thromb Res
1995;77:201e8.

13. Ho CH, Chau WK, Hsu HC, et al. Causes of venous thrombosis in ifty Chinese patients. Am J Hematol
2000;63:74¢8.

14. Ko PS, Chan WF, Siu TH, et al. Deep vein thrombosis after total hip or knee arthroplastyin a “low risk”
Chinese population. JArthroplasty 2003;18:174€9.12 Y.-C.
Wong et al. / Journal of Orthopaedics, Trauma and Rehabilitation 17 (2013) 9e12

15. Clagett GP, Anderson FA, Heit J, et al. Prevention of venous thromboembolism. Chest 1995;108:312Se34S.

16. Francis CW, Pellegrini Jr VD, Totterman S, et al. Prevention of deep-vein thrombosis after total hip
arthroplasty. Comparison of warfarin and dalte- parin. J Bone JointSurgAm 1997;79:1365e72.

17. Lieberman JR, Geerts WH. Prevention of deep vein thrombosis after total hip and knee arthroplasty. J Bone
JointSurg Am 1994;76:1239e50.

18. Lokte PA, Steinbery ME, Ecker ML. Signiicance of deep vein thrombosis in the lower extremity after
total joint arthroplasty. Clin Orthop Relat Res 1994;299:25e30.

19. Hull RD, Raskob G, Pineo G, et al. A comparison of subcutaneous low-molecular weight
heparin with warfarin sodium for prophylaxis against deep-vein thrombosis after hip or knee implantation. N
EnglJ Med 1993;329: 1370e6.

20. Fitzgerald Jr RH, Spiro TE, Trowbridge AA, et al. Prevention of venous throm- boembolic disease
following primary total knee arthroplasty. A randomized, multicenter, open-label, parallel-group
comparison of enoxaparin and warfarin. J Bone JointSurgAm 2001;83:900e6.

21. Lieberman JR, Hsu WK. Prevention of venous thromboembolic disease after total hip and knee
arthroplasty. J Bone JointSurgAm 2005;87:2097e112.

2199



Journal of Cardiovascular Disease Research

ISSN:0975-3583,0976-2833 VOL14,ISSUE02,2023

22. Geerts WH, Pineo GF, Heits JA, et al. Prevention of venous thromboembolism: the Seventh ACCP
Conference on Antithrombotic and Thrombolytic Therapy. Chest 2004;126:338Se400S.

23. Westrich GH, Haas SB, Mosca P, et al. Meta-analysis of thromboembolic prophylaxis after total knee
arthroplasty.J bone Joint SurgBr 2000;82:795e800.

24. Liu HS, Kho BC, Chan JC, et al. Venous thromboembolism in the Chinese pop- ulationdexperience in a
regional hospital in Hong Kong. Hong Kong Med J 2002;8:400e5.

25. Chau KY, Yuen ST, Ng TH, et al. An autopsy study of pulmonary thromboem- bolism in Hong Kong
Chinese. Pathology 1991;23:181e4.

26. Chau KY, Yuen ST, Wong MP. Clinicopathological pattern of pulmonary thromboembolism in
Chinese autopsy patients: comparison with Caucasian series. Pathology 1997;29:263e6.

27. Kim YH, Yoo JH, Kim JS. Factors leading to decreased rates of deep vein thrombosis and
pulmonary embolism after total knee arthroplasty. JArthroplasty 2007;22:974e80.

28. Moser KM, LeMoine JR. Is embolic risk conditioned by location of deep vein thrombosis? Ann Intern Med
1981;94:439%e44.

29. Philbrick JT, Becker DM. Calf deep venous thrombosis: a wolf in sheep’s clothing? Arch Intern Med
1988;148:2131e8.

30. Warwick D, Harrison J, Whitehouse S, et al. A randomised comparison of foot pump and low-molecular-
weight heparin in the prevention of deep-vein thrombosis after total knee replacement.J Bone Joint Surg Br
2002;84:344€50.

31. Blanchard J, Meuwly JY, Leyvraz PF, et al. Prevention of deep vein thrombosis after  total knee
replacement. Randomised comparison  between low- molecular-weight heparin (nadroparin) and
mechanical prophylaxis with a foot-pump system. J Bone Joint Surg Br 1999;81:654¢9.

32. Modig DN, Silverstein MD, llstrup DM, et al. Thromboembolism after total hip replacement:  role of
epidural and general anaesthesia. Anesth Analg 1983;62:174e80.

2200



